The safety and efficacy of bypass surgery to achieve cerebral revascularization for chronic cerebral hypoperfusion are controversial. Several limitations with the key studies have been addressed and debated,[@bib1], [@bib2] and cerebral revascularization continues to be implemented for different diseases.[@bib3], [@bib4], [@bib5] The indication to perform a high-flow bypass (ie, commonly using either a radial artery or saphenous vein graft) or a low-flow bypass (ie, superficial temporal artery \[STA\] to middle cerebral artery \[MCA\]) in cases of acute symptomatic artery occlusion is not defined.

Neurologic symptoms in acute symptomatic occlusion are usually blood pressure dependent, and acute blood flow restoration may be considered in these cases. Cerebral hyperperfusion appears to depend on the assessment technique, with up to 19% of patients carrying the risk of cerebral hemorrhage as the worst complication.[@bib6] This report reviews the case of a patient with an acute carotid occlusion and discusses the issues influencing the decision to perform an STA to MCA bypass or a high-flow anastomosis. The patient consented to publication of this manuscript.

Case report {#sec1}
===========

This 71-year-old man was admitted to Bern University Hospital, Switzerland, with a history of brief transient ischemic attacks in the form of vertigo and sensorimotor hemisyndrome on the right side, sometimes accompanied by motoric aphasia. Recent episodes lasted for only 15 minutes after standing up and walking. Magnetic resonance imaging showed multiple infarction areas in the left hemisphere. Digital subtraction angiography depicted occlusion of the common carotid artery (CCA) on the left side, and delayed filling of the left MCA and left anterior cerebral artery (ACA) was observed ([Fig 1](#fig1){ref-type="fig"}, *A*). There were marked pial collaterals from the posterior territory to the left MCA territory ([Fig 1](#fig1){ref-type="fig"}, *B*). The stump of the STA was retrogradely filled through scalp collaterals from the right occipital artery to the left posterior auricular artery ([Fig 1](#fig1){ref-type="fig"}, *C*). Right-sided extracranial and intracranial vessels were patent, with no occlusion or stenosis and normal flow on the magnetic resonance angiogram ([Fig 1](#fig1){ref-type="fig"}, *D*).Fig 1Angiographic findings of acute common carotid artery (CCA) occlusion and collateralization. **A,** Occluded CCA on the left side at the level of carotid bifurcation with stasis in the vessel stump (*arrow*). **B,** Marked pial collaterals from the posterior territory to the left middle cerebral artery (MCA) territory on the left side. **C,** Substantial external-external collaterals mainly from the occipital artery of the right side to the stump of the superficial temporal artery (STA; *arrow*). **D,** Right-sided extracranial and intracranial vessels were patent, showing normal flow on the magnetic resonance angiogram.

The patient\'s history revealed peripheral arterial occlusive disease, arterial hypertension, dyslipidemia, and nicotine abuse of 80 pack-years. The patient was under statin and antiplatelet treatment. The antihypertensive therapy was withdrawn to improve cerebral perfusion. Antiplatelet therapy was switched from acetylsalicylic acid (Aspirin Cardio, 100 mg; Bayer HealthCare, Whippany, NJ) to clopidogrel (Plavix, 75 mg; Sanofi-Aventis, Bridgewater, NJ).

Because of persistence of the clinical symptoms after slight mobilization and delayed perfusion of the MCA and ACA territories on magnetic resonance imaging (perfusion-weighted images), a revascularization procedure was indicated. After interdisciplinary discussion, it was decided to perform a two-stage revascularization procedure with an option to restore the flow in the CCA, internal carotid artery (ICA), and external carotid artery (ECA) in the first stage by performing an endarterectomy or to bypass the occluded carotid segment with a saphenous vein graft from the CCA to the STA. In a second stage, intracerebral revascularization was then planned using an extracranial-intracranial (ECA-ICA) STA to MCA bypass.

First operation {#sec1.1}
---------------

The left CCA, ICA, and ECA were exposed. The ICA was opened to check for the presence of backflow and to investigate whether an endovascular revascularization procedure would be possible. After no backflow, a Fogarty balloon catheter was introduced into the ICA, advanced to the carotid siphon, inflated, and gently retracted. A backflow was established; however, the flow decreased significantly over time, and a revascularization procedure of the extracranial ICA was abandoned to avoid thromboembolic events. The CCA was then incised from distal to proximal and endarterectomized in this segment and remained patent. Meanwhile, the saphenous vein was prepared and harvested from the left side and then attached in an end-to-side fashion to the proximal stump of the CCA and with an end-to-side outflow anastomosis to the STA. The distance from the patent CCA and a suitable MCA branch was slightly less than 30 cm. Postoperatively, no neurologic deficits were recorded; however, our stroke protocol restricts mobilization within the first 3 days.

Second operation {#sec1.2}
----------------

Three days later, the patient underwent a standard ECA-ICA STA to MCA bypass. After navigated frontotemporal craniotomy, the end-to-side bypass of the STA on the MCA was performed. Intraoperative flow was 50 mL/min (Flowprobe; Transonic Inc, Ithaca, NY).

Postoperative computed tomography angiography demonstrated a functional interposition bypass ([Fig 2](#fig2){ref-type="fig"}, *A*), and angiography showed the open bypass at the STA segment and the intracranial MCA ([Fig 2](#fig2){ref-type="fig"}, *B*). Perfusion maps (using perfusion-weighted imaging) showed normalized perfusion in the MCA and ACA territories compared with the preoperative image ([Fig 3](#fig3){ref-type="fig"}). The patient was administered aspirin 300 mg/day postoperatively, and recovery was uneventful. Clinical and radiologic follow-up 1 year later revealed no new neurologic deficits or cerebral infarcts.Fig 2Postoperative images after first and second bypass operation. **A,** Postoperative computed tomography angiography shows open venous bypass anastomosis of the common carotid artery (CCA) on the left side (*double arrow*) to the superficial temporal artery (STA; *arrow*) on the ipsilateral side. **B,** Three-dimensional angiography depicts the anastomosis of the intracranial part bypass.Fig 3Perioperative perfusion-weighted imaging maps. Preoperative perfusion-weighted images show delayed perfusion in the middle cerebral artery (MCA) and anterior cerebral artery (ACA) territory on the left side **(A)** compared with the postoperative perfusion-weighted imaging sequences **(B)**.

Discussion {#sec2}
==========

Two points of interest merit discussion in the present case: (1) performance of the revascularization procedure in two stages with prior CCA-interposition vein graft-STA-MCA bypass to augment flow for the STA; and (2) the question of whether to perform a high-flow or low-flow bypass.

Staged bypass {#sec2.1}
-------------

Literature regarding staged bypass approaches for flow augmentation is limited. In general, cerebral bypass operations are performed in a single session, given the urgency of the indication,[@bib7] or even in cases of bilateral progressive arteriopathies.[@bib8]

A two-stage bypass with a saphenous vein graft interposition was performed on the basis of the following considerations:1.Both the ICA and ECA were occluded from the carotid bifurcation. Furthermore, the STA was perfused from the contralateral ECA through an anastomosis to the occipital artery and flow was modest, so hemodynamic security was addressed. We thus aimed to first increase the flow of the bypass rather than performing a direct STA-MCA bypass with the risk of bypass obliteration due to thrombus formation in case of low flow.2.Bypass length required to cover the distance from the CCA to the intracranial anastomosis site was approximately 30 cm; it could not be achieved with a compatible vessel size in this patient. Radial artery graft has the advantage of lower graft flow compromise arising from scalp compression at the side of the anastomosis, yet both arterial and vein bypasses have shown good long-term patency.[@bib9]

Intraoperative endarterectomy of the CCA in addition to the anastomosis was performed. This is a common occurrence in vascular surgery,[@bib10] although not in the context of cerebral bypass.[@bib11]

Because each suture and vascular irregularity represents a potential source for thromboembolic complications,[@bib12], [@bib13] staging the bypass so that the patient can tolerate cerebral hypoperfusion in the supine position and under hypertensive therapy might reduce perioperative cerebral ischemic events. Furthermore, a combination of competing blood flows from both the collateral circulation and the STA and impaired cerebral autoregulation may lead to episodic focal decreases in regional cerebral blood flow,[@bib3], [@bib14] and staging the bypass might therefore be beneficial. However, performing both operations under a single anesthesia procedure, assuming that no intraoperative complications or other technical considerations arise, might reduce alterations in the perioperative blood pressure and subsequently cerebral flow in a patient in whom cerebral perfusion depends on maintaining relative hypertension.[@bib5], [@bib8]

Cerebral hyperperfusion {#sec2.2}
-----------------------

A well-functioning STA-MCA bypass has the potential to take over a large amount of the territory supplied by the MCA, which can be accomplished a few days after anastomosis.[@bib15] For intracranial bypass, the STA is dissected from surrounding tissue and the end cut, resulting in higher flow measurements in the absence of resistance (free cut flow). It has been shown that intraoperative cut flow index (postbypass flow/free cut flow) measurements and postanastomosis flow assessments are highly predictive for the success rate of the bypass.[@bib16], [@bib17]

The risk of cerebral hemorrhage due to hyperperfusion syndrome after standard extracranial-intracranial bypass reported in the literature varies enormously.[@bib18], [@bib19], [@bib20], [@bib21] High-flow revascularization using either a radial or vein graft has been associated with a total risk of hemorrhage of 16.6%; flow values in patients suffering this complication were, however, not significantly higher compared with nonhemorrhagic cases, and values were similar to those in the present case.[@bib20]

Limitations {#sec2.3}
-----------

This is a single case using a staged vein interposition graft to perform an STA-MCA bypass on the basis of symptomatic carotid occlusion. Superiority over a direct bypass procedure with regard to the long-term risk of stroke can therefore not be evaluated.

Conclusions {#sec3}
===========

The two-stage bypass technique to assess revascularization in carotid occlusive disease was feasible and seemed to be successful with regard to flow augmentation in postoperative perfusion maps and clinical outcome.
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